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Abstract 

A new expression to the total age of the Universe is derived in terms of the average deceleration 
parameter. This kinematic result holds regardless of the curvature of the universe as well as of 
the underlying gravity theory. It remains valid even in the context of brane-world motivated 
cosmologies. Since the present age parameter of the Universe is accurately adjusted to H^to = 1, it 
is shown that the time averaged value of the deceleration parameter is zero. This also means that 
the cosmic age today is exactly the one predicted by a relativistic flat cosmological model filled by 
K-matter, a fluid satisfying the equation of state p = —\p- By assuming the validity of this relation 
(in an average long time meaning) , it is argued that the decelerating stages of the expansion must 
exactly be compensated by the accelerated phases, as if the observed Universe coasts forever. If 
this is true, the present accelerating stage must be followed by a subsequent decelerating phase as 
predicted by some recent scalar field and brane-world motivated cosmologies. 
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I. INTRODUCTION 



The current idea of an accelerated Universe driven by dark energy is based on a large con- 
vergence of independent observational results, and constitutes one of the greatest challenges 
for our current understanding of fundamental physics Among a number of possibilities 
to describe this dark energy component, the simplest and most theoretically appealing way 
is by means of a cosmological constant A, which acts on the Einstein field equations as 
an isotropic and homogeneous source with a constant equation of state (EoS) parameter, 
w = pj p = —1. The present concordance cosmological model (CCM) supported by all the ex- 
isting observations is a flat ACDM model with a matter fraction of ^matter = ^b + ^m ~ 0.26 
and a vacuum energy contribution of Q\ ~ 0.74 [2J, where fl^, fl m stand for the baryonic 
and cold dark matter, respectively. 

On the other hand, for any physically relevant model, two important observational quan- 
tities are defined by H and go, the present values of the Hubble (H = R/R) and deceleration 
parameters (g = —RR/R 2 ), respectively. The first quantity sets the present time scale of 
the expansion while the second one is telling us that the present stage is speeding up instead 
of slowing down as expected before the Supernovae type la observations [3]. 

In this letter, a new formula to the total age of the Universe is derived in terms of H and 
the average deceleration parameter, q. This expression is a kinematic consequence, and, as 
such, it holds regardless of the curvature of the universe, as well as of the underlying gravity 
theory. As widely known, for the present composition of the Universe suggested by the CCM, 
the age of the Universe is accurately described by the simple condition H t = 1, thereby 
yielding for Hq = 71 Km.s~ x /Mpc, a total age 13.7 Gyrs. As we shall see, this means that 
after more than 13 Gyrs, the average deceleration parameter is zero. By assuming that 
such a fact is not a cosmological coincidence, it is argued that the decelerating stages of the 
expansion are (in a long time averaging meaning) exactly compensated by the accelerated 
phases, as if the Universe coasts forever. In particular, this explains why the scale factor 
seems to be oscillating around the coasting solution driven by K-matter, a fluid satisfying 



the equation of state p = —\p 



4 1 (in this connection see also Refs. 0, Q, Q). 
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II. AGE AND THE AVERAGING DECELERATION PARAMETER 



It is now widely believed that the universe has undergone some stages of decelerating 
(q > 0) and accelerating (q < 0) regimes. Since q is a slowly time varying quantity it 
is interesting to know what kind of information about the expansion can be inferred by 
averaging it with respect to time, that is, without the necessity of actually integrating the 
equation of motion driving the scale factor. In order to see that, let us define the present 
day average parameter, q, by the following expression 

s(*o) = r [ \it)dt. (i) 

r o Jo 

By inserting the definition of the deceleration parameter 

. . RR d , 1 , . . 

it is readily seen that 

9(*o) = -l + -U (3) 

or still, 

* - £- (4) 

The meaning of this intriguing expression is manifest. The present day age of the Universe 
is proportional to Hq 1 , as should be expected, but the coefficient depends only on the time 
average value of the deceleration parameter. It is worth noticing that the above kinematic 
result holds regardless of the curvature of the universe and its number of fluid components, 
as well as of the underlying gravity theory (I could not find this simple formula in textbooks 
or in the literature). The unique condition to be satisfied is that the early universe emerged 
from a Big-Bang or at least with a very high value of Hi. Now, it is interesting to check if 
the above result reproduces the known cases. 

To begin with, let us consider the Einstein Field Equations (EFE) for a general FRW 
geometry supported by a one-component fluid: 

8nGp = 3— + 3— , (5) 
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where R{t) is the scale factor and K — 0, ±1 is the curvature parameter. In particular, for 
a flat geometry {K = 0) and a curvature source satisfying the equation of state, p = ujp, the 
differential equation driving the scale factor reads: 

RR + £^)R 2 = o, (7) 

whose general solution for uj constant is: 

2 

R(t)=R [-(l+uo)H tf 1+ " ) . (8) 

The last two equations provide two basic informations. The deceleration parameter and 
the age of the universe are given by 

1 + 3uj , 2H, 1 

q = = constant ana t Q = — -. (9) 

q 2 3(1 + w) V ; 

On the other hand, since the deceleration parameters are constant for all the above models, 
their values coincide with the average values and the age can effectively be rewritten as 
to = Hq 1 /(l + q) in accordance with (j3J). This expression yields for a radiation dominated 
universe {uj = 1/3, q = 1) an age of H to = 1/2 while for dust {uj = 0,q = 1/2) we have 
i^o^o — 2/3, and, finally, for a flat universe dominated by K-matter {uj = —l/3,q = 0) 
one finds H to = 1. All these results agree with the expression (jlj) derived for the average 
deceleration parameter. For further reference, we call attention that in the case of a K- 
matter filled universe, R{t) = R Q H Q t, the age parameter is adjusted to unity at any cosmic 
time, that is, Ht = 1. It should also be recalled that another example of coasting model 
is provided by the Milne empty universe. However, as one may check from equations ([5]) 
and (El), the coasting empty relativistic solution can be achieved only if the geometry of the 
Universe is a hyperbolic one {K = — 1). Given the preference of the WMAP results for a flat 
Universe with very high confidence level, in what follows we do not consider the coasting 
Milne cosmological model. 
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FIG. 1: Age of the Universe in ACDM and other cosmologies. The present total age of the Universe 
for the cosmic concordance model (ACDM) is exactly the same as predicted by the flat coasting 
K-matter model, to = Hq 1 . Such a coincidence comes from the fact that the ACDM parameters 
are accurately adjusted to the ones derived from the analysis of the WMAP team. 



III. AGE OF THE UNIVERSE IN ACDM MODELS 

For any relativistic cosmology based on the Friedmann-Robertson- Walker (FRW) metric, 
the age of the universe in terms of the redshift z is given by the expression 

f* dR TT i f°° dz 

where the function E{z) depends on the matter content as well as of the geometry 6|. In 
the general relativistic context, the function E(z) for the flat cosmic concordance model 
(ACDM) reads 

e(z) = [n M (i + z) 3 + n A } 1/2 , (11) 

where Qm + = 1- Therefore, the age of the universe depends only on the vacuum 
density parameter because the matter energy density Qm = 1 — ^a (see Fig. 1). Now, 
by inserting the values Q\ = 0.74 and Qm — 0.26, as favored by the three years WMAP 
collaboration [2J, it is easy to show that to the same two digits precision 

dz 



:i+z)e(z) 



(12) 
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FIG. 2: Evolution of K-Matter and ACDM concordance cosmologies. At present time, Hot=l and 
R(t)/Ro = 1, the scale factor for the K-matter model is tangent to that of the "standard" ACDM 
cosmology. 

thereby showing that the age parameter for the ACDM model is i^o = lj which is exactly 
the one predicted by the K-matter coasting Universe (in this connection see pi)). This age 
is twice the age of a radiation dominated universe, and 51% larger than the Einstein-de 
Sitter prediction. 

In Fig. 1 we compare the values of the age parameter Hot® for a large set of cosmologies, 
including ACDM, Einstein - de Sitter, and K-matter models. Effectively, for the "standard 
cosmic concordance" model (ACDM), the age of the Universe nowadays is exactly the same 
one predicted by the coasting K-matter model. This kind of coincidence happens only for 
the ACDM parameters as derived by the WMAP team analysis. 

Such a result can also be seen from a dynamic viewpoint. In Fig. 2 we show the scale 
factor of the Universe as a function of cosmic time for K-matter and ACDM models. As 
shown there, the two curves are tangent to one another only at the present moment in 
the whole history of the Universe. In general grounds, one may argue that nowadays the 
influence of the accelerated expansion of the Universe as described by the ACDM model 
is exactly compensating the opposite influence of the previous dust dominated decelerated 
expansion. However, at light of the results discussed in section (2), it means only that the 
average deceleration parameter of the "standard" cosmic concordance ACDM model is zero 
at the present time. 

Naturally, such a fact may be just an unexpected coincidence. However, the History 
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of Science has already shown that coincidences, mainly in the field of cosmology, deserves 
a special attention. Recently, Kutschera and Dyrda [71] suggested that H t = 1 because 
gravity and antigravity contributions are canceling each other, thereby indicating that the 
gravitational interaction in the universe has a finite range. Unfortunately, such a correlation 
is not obvious, and the quoted authors do not provide any further detail for justifying their 
viewpoint. 

In this letter I will explore a different line of inquire based on the results of section 2. 
As demonstrated there, this striking result (Hoto = 1) means that the average deceleration 
parameter determined by taking into account all the curvature sources, q, must be identically 
zero when it is averaged for a long time interval. Perhaps, due to a still unknown physical 
reason, the average dynamic behavior of the Universe (after several billions of years) must 
be just the same of a coasting cosmology. In other words, in an average sense, the scale 
factor of the Universe coasts forever with the scale factor of the real Universe oscillating 
slightly around the K-matter solution. Note that equation (Tj0) can also be rewritten as 

H- 1 

T = —, (13) 
1 + q K J 

where T, H, and q are, respectively, the age, the Hubble parameter, and the averaging 
deceleration parameter in a generic cosmic time. Naturally, q ^ for a particular stage of 
the Universe (dust, radiation, inflation, and so on). Note that q is of the order of unity. 
Therefore, the above expression shows clearly why the Hubble parameter at any time is the 
relevant time scale. Further, if the conjecture that HT = 1 is valid (after many aeons), 
it has some interesting consequences that will be discussed next section. As we shall see, 
the Universe may evolve trough a cascade of accelerating/deceleration regimes, thereby 
departing from the present direct extrapolation to a de Sitter final stage predicted by the 
ACDM model. 



IV. IS THE PRESENT ACCELERATING PHASE ONLY A NEW TRANSIENT 
PHENOMENON? 

It is now widely believed that we live in a remarkable epoch of the cosmic history when 
the dark energy and matter densities are comparable. Actually, for a Universe one order of 
magnitude younger it should be impossible to detect any effect of the dark energy on the 
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cosmic expansion. An interesting cosmo logical question at present, closely related to the 
ultimate fate of our Universe, concerns the physical effects of a dominant vacuum energy 
density in the future. If the vacuum is the dark energy component, as assumed in the cosmic 
concordance model, the Universe will accelerate forever, thereby evolving inexorably to a 
de Sitter phase with deceleration parameter q = —1. In particular, this means that if one 
extrapolates the current ACDM to the future, all evidence of the Hubble expansion will 
disappear with this final state marking the end of cosmology and the return to a static 
universe. Perhaps still worst, the observers living in the final "island universe" will be 
: undamentally incapable of determining the true nature of the Cosmos (for more details see 
8| and Refs. therein). 

On the other hand, although cosmological scenarios with a A term might explain most 
of the current astronomical observations, from the theoretical viewpoint they are plagued 
with at least two fundamental problems. First, it is really difficult to reconcile the small 
value required by observations (~ 10 _10 erg/cm 3 ) with estimates from quantum field theories 
ranging from 50-120 orders of magnitude larger [9j. Second, eternally accelerating Universes, 
like the one predicted by a de Sitter model, develops naturally a horizon event in the future, 
thereby posing challenging questions to the string theory. The basic problem is that the 
conventional construction of the S-matrix is not possible because the local observers inside 
their horizon are not able to isolate particles to be scattered [h]]. Recently, this conflict 
inspired some authors to propose a new kind of cosmological scenario driven by a slow 
rolling homogeneous scalar field [ll]. The derived equation of state for the field predicts a 
transient accelerating phase, in which the Universe was decelerated in the past, began to 
accelerate at redshift z < 1, is currently accelerated, but, finally, will return to a deceleration 
phase in the future. This overall dynamic behavior is profoundly different from the standard 
ACDM evolution, and may alliviate some conflicts in reconciling the idea of a dark energy- 
dominated universe with observables in String/M-theory. 

Keeping the above comments in mind, let us now return to the conjecture that q = 
or HT = 1 can be true (after many aeons). In other words, that the Universe behaves 
(in average) like a K- matter model (q = 0). Although recognizing the inherent difficulty 
to probe such a conjecture in the domain of general relativity, I believe that it has some 
predictive power. In particular, it suggests that the present accelerating stage does not last 
forever, and that the possibility to a new transient period for a deceleration regime cannot 
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FIG. 3: The deceleration parameter as a function of the redshift (the values of z are not in scale). 
The Universe emerges from an inflationary stage at the infinite past (z = oo) and evolves to the 
infinite future (z = —1). Abrupt transitions has been assumed for any two subsequent stages. In the 
actual Universe they are smooth, but, qualitatively, the result is the same, namely, the deceleration 
parameter of the Universe seems to be oscillating around the K-matter solution (q = 0). The fate of 
the Universe is heavily dependent of the next transition in the future. By the arguments presented 
in the text, the Universe may decelerate (not necessarily mimicking the dust behavior suggested 
in the diagram). 



be neglected. 

In Fig. 3 we sketch this viewpoint in terms of the deceleration parameter in the redshift 
space. The diagram starts with the inflationary period (q = —1), followed by an abrupt 
transition to the radiation phase (q = 1). For simplicity, abrupt transitions have also 
been adopted for any two consecutive phases. Note that in order to have the correct age 
(H to = 1), the average value of the deceleration parameter below Zt ~ 1 until the present 
day must be —1/2 (as in the inflationary stage also approximated by a straight line). Now, 
the problem is to know whether the next transition (at z < 0) it will be for an accelerating 
de-Sitter regime (q = —1), as required by the ACDM model, or to a decelerating stage which 
is predicted by some scalar field and brane- world scenarios [ill . . As one may check, the 
same question appears if we have started with a radiation or matter dominated phase just 
before the inflationary period. Again, by assuming abrupt transition, the unique alteration 
in the diagram should be the negative value of the deceleration parameter necessary to have 
q = by the present time. In this case, the present transition should be characterized by a 
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deceleration parameter smaller than —1/2. 

As one may conclude from Fig. 3, by assuming HT = 1 in the future, there are two pos- 
sibilities in order to satisfy the constraint q = 0, both of them pointing to a new deceleration 
phase, that is, for positive values of the q parameter. The first is a direct transition for a 
decelerating regime (red arrow). The second possibility is represented by the two consecu- 
tive blue arrows. Initially, the Universes does an intermediate transition to an era with q 
smaller than —1/2, eventually evolving again to a decelerating regime (not necessarily dust 
dominated as suggested in Fig. 3). For completeness, in Fig. 3 we have also represented the 
transition to a de Sitter regime (q = —1) as predicted by the ACDM model (green arrow). 
In this case, it is easy to see that the constraint q = is not satisfied. 

At this point, we would like to stress that if q = remains true in the near future, the 
Universe must evolve to a decelerating regime (q > 0). Naturally, this does not mean that 
such a transition should be the last one. Actually, as happened with the transitions in 
the past, the constraint HT = 1 is compatible with a sequence of decelerating/accelerating 
regimes in the future. In principle, one may expect a finite sequence in the redshift range 
[0,-1] because from [oo, 0] the Universe seem to be evolved through a small number of distinct 
stages. In this context, it should be interesting to know if the new transition for a future 
decelerating regime is somewhat encoded in the Supernovae type la data. 



V. CONCLUSION 



As we have seen, the deceleration parameter of the Universe is a time dependent quantity 
whose average value (from t = to t = to) is adjusted to zero with a high level of statistical 
confidence. This means that the present Universe has the same age of a coasting cosmology 
(t = Hq 1 ). This happens because nowadays q — 0. If this is not a coincidence, a new 
possibility emerges that the observed Universe seems to be oscillating around the trivial 
FRW type solution, R(t) = RoHot, dominated by a flat K-matter model % |5[]- 

The idea of an oscillating Universe is fairly old, and the occurrence of such (pulsating) 
solutions have fascinated many philosophers and cosmologists since they are associated with 
the old concept of an eternal return. Actually, since the very beginning of relativistic 
cosmology such a picture was nicely supported by some exact solutions of the Einstein 
field equations. Apart from the vacuum case, the cosmic dynamics of a one-component 
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closed model may be reduced to the one of a global oscillator 13]. However, the Universe 
is flat and dominated by two components as indicated by the recent observations, and, as 
such, the idea of an oscillatory Universe must be somewhat rediscussed. 

Based on the general expression derived here, HT — (1 + q), we have advocated that a 
realistic Universe model should have a long term oscillation around a coasting flat model 
driven by K- matter which is dictated by the overall constraint q = 0. If this is not the 
case, we are living in a very special time of the ACDM evolution. The physical origin of 
such a condition is still unknown, but, in principle, it could be determined from a more 
fundamental cosmological description. As show in Fig. 3, the oscillatory long term behavior 
becomes more clear when the deceleration parameter is plotted in terms of the redshift. As 
argued in the last section, the Universe may suffer a new transition to a decelerating phase 
in the near future, and, probably, such an information is already present in the available 
observational data (this issue will be discussed in a forthcoming communication). 
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